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imi^m mm±iz n - a 1 g a n 9 -y hb^t 

tl^ti't^. Kn-AlGaN^'9«/Hl&U«5'i^'«^fc: 
n-AlGaN^'5>yh'®<7)CM^ajgB^Bi:UTn 
1. p-GaN»5:«^$-(*-C. GaN^^js^flc^— !f 
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I mm 1 ] G a nm^B^ y -v i^mzMxt^xm . 

V vi^mbv^xmb^4}Fmmwmmt 
k^obLx.^mm&^mthxmb. msm^kcD 
±3iznmmm-txmi^tizb imLb-tiG 

imm2 ] m.±i,zm-<oi^9y mtx-mmtix 

b. V yi^mbv■bxmbi:^^1mmvmtt 
hxnb. mmizmtnLtimimm^bLxi&mm 
m.m-c^^y yYMmmthxub. vy'j^m 

b^im.b'^hGs.^wmwmm=f-<rm^m. 

[if«^3}Sfi(±{CGaNi^^Si&JttStyiS. friH 
G a N^a^ U >y i^'«tCjlo:-ri.iei: . U «y yffljffi 

'i^:Kmb ^mmmmmkthxw:. . 

WG a N^B^B^itS tfc^tt tiliemilOG a N^M^b 
<7)H0fe^^B^®^llO±g|5tmXc0U -y v%m-hxM 
b. m^-m «y>'*ffllffli: U-fe^JggPtiSr^fafi^ 

EtBt!tgi5^$:a^^fc vn'mmmmi'mfhxM 
b^^'fhQ,s.\\wmm.im^<m&-m, 

ifiiy^hZb ^mLb-tin^ i *fc{i2fc:iattcDG 

{»^«5 ] mWmm^S i N, , S i Oj . S i O 
N. AljOs. AINO. TiOz. ZrOj. NbjOj 

wv^-f ti*>"c?)S i b ^mibi-m^m i a*'^* 3<ov> 

±^izWit'rhiiX\>^?>Zb i<mb-th Ga N^^f*c 

imzmi^ixxK^^nb^mLbthGaNm^mw. 

[00011 

imm-thmm: *miimmmm^j:b' 
^<omimm^tix\.^hGa. Nmmi^u—f^j:m 
G a nmmti:mmf-^xr/mkmizmi> t. o-c 

100 021 

[t^*<7)gc$gi ^mmizmm ( n > ^*-ri> s-ftti^ 
m<^nmbLxtmM^iix\^h. ^x^mjf*)^ 

J^m.-^m^W (GaN^:i|i#«!: A l,Ga,I n, 
N(0Sx, y. zgl.x + y + z=l)) \m^^ 
^\ZitihK. Wfe^r^ :t- H ( L E D ) . HfeL 



»fl:<o^ci6tc. 4 0 0 nmrnzmmM-^^h^iifi 

v~^ti<m^^ixxii 0 . G a nmmwmmb-th 

[ 0 0 0 3 1 0 1 2141^— !f3^JB*^$*LX>^S G a 

r ^ TS«i 12 01 ±(w*«^Jg^^:gffi ( MO V P 
Em) tC<}:0GaN.'N*-y7T-H 202. n-GaN 
S1203. n-Al GaN^^y h'«l 204. n- 
GaNatXT'f K^l 2 0 5. Ga,., I n,N/Gai-, I 
n^N (0<y<x<l) *»A>(£S^a4i^#F (MQ 
W)S51M1206. p-GaN5t;<f-f Hill 207, 
P-A 1 GaN:77>y HSl 208, p-GaNai^rJ' 
9\-mi2 0 9i^^^^iXh, -etTp-GaNny:? 
^' M 1 2 0 9±t 3 S ^ nygJgcOilicOU «y l^X V 9 
r*g^^§ix. iff)mmtS i O2 1 2 1 1 ti:}£<m. 

Wkizx-yxmrn^tfih. -etosiu-yi^xh^'frtj 
11/s i 02 1 2 1 iiizmtun i/Aui}^^m^P 

Slil210. ^Jt-gP2:n-GaNfll 2 0 3*<^a{ 
t^tX:^'yi-y^^Ucmmizmi.iiTi/A 1 *»^>j£, 
SntSl 2 1 23Wg^StlS. Jls^i'tfcV^r n^ffi 

1212Sr^t. pWS&l2 10izmmc7)^i$f 
'Sf-th b . MQWvSttfl 12 0 6 pUfiS 1 2 

1 OffllA^^^-Zt-i^. ttznW& 12 1 2ffll*>'i>«^A« 
MIBMQWffittJi 12 0 6 rtT3fe^iJ#^* 

t. ^«;R4 0 0 n m^c^U-i'mim:i-r. MQ 
W^Sttll 2 0 6<0tfi|EJt'J>-&Gai-, I n,N/Ga,., 

I n,mmm.'^!mizxr>xm&mim.^ 
h. mmm±x<7ywms^^^ixx\^h, 

[00041 

i^mmLi.r>b-thWm cov-ifJi'j'yi/'x 

b X. mm't" vx<mmi-^t&b ix\^i., 
[00051 -y im^(mmzii^ Mz k^^x 

l.p-AlGaN^'5<yFiil 2 0 8i7)^^ti[) ^-iEH 
tea > h a-;^■rl.^^^g*5^5,§ . -eofcy>t l<-lfT^ 

Srfflv^^x «y^y/J|i0^ci:?— ^r^Xv^HKfc: J: S 

ifih. z.ixt>\i^'rLi>mm^jMm'simbix\>-^hh 

[00061 i^^. K^'fXyf-y^tJgttSiSfiStC 
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[0007] :^m\immmm^x^j:^fd-zi>(o 

[00081 

(o^ui^zmmmm-ixnti^tx^^h. 
[0009] :^^mwi<r>GaNmmm^mmi} 

b. mmizmtnLttm^mm^btxmmtm. m 

x<n9 y -y mimmtixub . U >y 'jm<^m-coif 

[0010] *^BBOSt^(|<?)G a Nm^«s<7)^JtJ- 
^{i. mjL\Z.Ga\\mekmmi\Jt^. ^GaN^ 

i^B^B^ u «y vmtm.'fZixnb. v y 'jmrnb u 
jggpt m^kmrnrnx-mmtixub . mzoG a n 

mmm±&izmxcovy'jm:t&xMb. mmx 

xmb. ±^X(OGaNm^(r^miz^Lt:m' 

'km&b tx'iS'&mm^wsi-&xmb'kLx^^ 

[00 1 2] t^. imm(r>Ga^mmiismm.i5m 
\i. ntL<\i.. ^^mmmbLxsiii,. s\ 

O2. Si ON. AI2O3. AINO, Ti02. ZrO 
J, Nb2 05iSrfflV%TV^:S. 

[0013 \z.iih(nimmb L■C«^1^>f ho 
y^tm (ECR) ryX-7^ !^(CECRX-'N-«7^'5:fflV> 

[00 141 ^tz. *^BB(^SiI(7)GaNi^i}ii#«c^— r 
.1 S^'oytLhcoffS. a*L<«3 5^'nyja± 

[0015] 

.xm&^m^\xnm.zmm-h. ^rij. :^mi<nii^ 

St<OT«^<. Yy^ F§vfflfi£;Sffi (H-VPE 

^^ixx^^h-kx(nm.\,zmm%h, ttz. ^%m 

(JOGaN^iji^WcttJ, Al,Gayi.nxN (x.+ y + 



z=l) iOCltSrV^d. 

[00161 (^oj^iti) gmmouMms^ 

'fffyimijmxmi.m2i)-mA cs^-r . 

[0 0 1 7] Hitc^-ru— r<of^:^ttjaT<^o 

[0 0 18] ^-f. S iC-^GaN^i:'O««il0 1± 
(Cn-Alo.o3Gao.97N;il02 (3C$0. 2^9X3 
y) . n-A lo.o6Gao.95Ni?9»/HJil 0 3 (*§ 

0. 7 5^n:/) t:fmth {m2) . :im. tm 

(^H) ^iClit^:oTV^?,. Mz. 7thVV^=^y 
^-im. H9-fx.yf-y/S»2:fflV^Tn-Alo.o5 
G ao. 95 N 5 -y Hll 0 3 ^ U -tX^ mm tJlII 

mmb u -fexjgiitc^aa^jgT&s s i N, 1 0 

4^}ta^^ (03) . Zcom. Uy'JXhy-{r<^m 
»»4 1 6 S ^ ny. U >y >''gi5<?)ii{4*t) 3 5^0 yc* 

G a NCO< 1 - 1 0 0 >*I6I'C*> S . 

[ 0 0 1 9 1 U >y i^<7)m±l>zmSi ( 0 0 0 1 ) ffln 
- A 1 0. 05 G ao. 95N 7 -y Hll 0 3 SrS^^i: LT 
MEMOVPEStiotn-GaNsbif^ HH06 

(»S0. 2S^o:^) , ^aM^#F(MQW)85tt 
«1 07. p-GaN3K;<r'f KSl 08 (ff$0. 15 
^'n.y) . p-Alo.o7Gao.93N^7..yH®l 0 9 

(liiS25^D>') . p-GaNSl 10 (flti?0. 0 

ss^'oy) (04) . 04{ctjv>T, 

P - A 1 0. 07 G ao. 93 7 -y h*® 1 0 9i4xr^-vy 
7*1 0 S W+ifegBftiST-^U-CV^S. 
[00 2 01 p-GaNBl 10±tpBSIl 

I i<&mat, pm®i 1 1. P-GaNBi lotp 

-Alo.o7Gao.93N^7-yHSl 09Sr«i5 5:?Dy 
ggcOU >y j/^l^tCjllI-ri.. Hai t;tp-A 1 0. 07Ga 
o.93N^'9'y-K®l 0 9±liZiiA I NJ?»S i 02^b(D 

mmi 1 2mmt. ^mmmimmt, mm 
m 1 2(r)m^Uimii. m3<om^bmmizECRx^-i 

>y^SrfflV>tv>S, pUffil 1 IfclSSKl 12±fc:« 

5s.i'vyff)Auif^(,mtwmwmi 1 3*ggjic$tiT 

[0 0 2 1] mmiiz. mm^smi i o i <7)mmiznm^ 

II Aim^-th, 

[0022] ilCOX 0 izLxm 1 ^^ti?>^m^G 
[00231 *^{cj3v%-c nmmi 1 4 fcSismgi 

1 3 coHtmE$r ma-fh b . M QWfittl 1 0 7 fc:[6l 
*^^Tpmfiil 1 0*-(i>jE?L*inmffil 14*>^>fS^^*« 
aXSil. SttSTW^Sr^t. 4 0 3 nm<Oi*ft-CU 
-¥5iliS-iBC:-r. M QWSIt® 10 7 Jiff $ 3 n in<0 
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Gao.8 I no.2N#Flfcff$6nm<7)GaN/-v>jT® 

[0024101 (ommmmi. ^<^m- mm^: 
nil (isttiom mm) -cn^x^^m-ch^. 

im^$tvkn-A 1 0. osG ao. gjNi^ 7 -/ Kll 0 3 

[0025] m^it. ffl^- K$iJffll<0/c«>{2, 
5>yH®1204. ^Stt®1206, ISrcO^' 5 KJi 
1208iSra®L^ti. JSitJil2 0 6cDr<ia<t-C 
7 -y H« 1 2 0 8 5r 'J >y v-'^^ h ^-f r^tJllX 

[0026]^-^. KMfSilcOTtftfcKi. 'J >y i'*<D 
^§ (-r^r*)-^. ttX-y^y^UfftSp-A I GaN 
:?9-y HSl2 0 8<7)StJ?) i^Emizayhu-jUi- 

< . ^itmiT^j:Z(ommim^iix v^s . 

[ 0 0 2 7 J 2|s^««J4tSttJi^c^'yf-y^^^^-i^* 
<0^<7)Iij8<^;?^:5r^>-f . m^B^mzX-oX^yy h'« 
t7) U 7 ^'<^^$ ( 0 1 ttiV^T<4JS1tJI<OT<7)3t;5r^ H 
-1110 6) m^lX\^tt:i6. ^Mmizm.X\i^tk. 

[0028] titlL. *IIJfiWt=*3V^Xt. mSSK^ffi 
3Si:1-.&^i6{cvSttSS:ill«Uca{Cp - A 1 j. o? Ga 
0. 93 N ^ 5 7 HJi 1 0 9 ^ U -y i^'Xh T^fcjDlU 

^xi)0.mMt<7)wmimfu>i;xtjf)<o. 

X -/ f-y^^{c J: Sx .y f-y ^^^;«{ - s/Ai^Si^^ti^ 
ASti. fitfr|6lfc:jrS*5Sit.tt:5rl.^fci6. 0. 5$^'p 

[0029] (*ji<o?g®2 ) m6tim2i7)mm^7r: 

if<of^ttra$^iSJitc07*»/5>0i 1 fc;^.. 
[0030106 ti^-f ^-if<^)#S!^ra{iJJlToii») 
•C'*s. i-f. ^yr-irmLeoi±iz5 0 0'cx'T 

MGt^HskimLXGeihi/^^yrmtimt 
4. -etDft. 1 0 2 OX:*-C#a$*. TMGi:.NH3 



I.. 

[ 0 0 3 1 1 <ji:ic. ythvvi^y7^--im. 

X>yf-y/gtg^fflV^-CGaNl6 0 2^U-bX*^ (Dfl 
-e UT E C RX-'N'-y ^'SsSrircO^gMJftSSfeSrffil ^X 

V -/'Jimmmi: V ■bxm^z^^^B'mmmxhi s 

iN,603 (ff^lOnm) Srtf^S (@8) . Z 
m. U •/i^*Xh7'f r<0^»i{4 1 6 S^'oy. U 
gi5<7)(g«*«j4 5i?n>'Tj)l.. ^y^, Xh7^7-<0^ri6| 
{4GaN<0< 1-100 >:^l6l'Cai & . 
[0032] V»yi^<om±.izm^Lt:Galim6 0 2<7) 
CfflSr^at LTJiffiMO V P Effilc J: oTxr^^ 
77*604, n-Alo.o3Gao.97Nl60 5 (JfS2 
S:J'n>') , n-A l,,iGa,.9N/n-T-GaN@*&f^ 

ai^^J'^hSeoe (Ji[$2$^oy) . n-Aio.o7 

Gao.93N^'7 7K;i6 0 7 (IfSO. 5 5:7ny) Sr 
JSi^StSrrS (09) , n-Alo.o3Gao.97Nji60 
SJixr^A- «yr6 0 404'*gi5#Jfi-C'-^L^gi59 
Ol^JgdcUfV^S. 

[00331 iJ^fc, n-Alo.o7Gao.93N:?57Kl 
6 0 7$'y-feXtt mm (cJdXL, /xX 
b^^T*^^^*. Z<r>f^. X<yf-V^^*<n-Al 

0. , G a 0. 9 N/ n - G a N@1§^ rJ y ^' h« 6 0 6 * 

xm-o X i> mh^^ \ tT y 7 xi^<oiiw t u -fex 

iS®fcSiNi6 08 (m^ lOnm) itmtl (0 
10) . CIOI^. y-yJ^*Xh9>f7-<0^»|l4l65^o 

y, y-yvgp<0li{4l«?3 5i?nycj>l.. tt:. m3^ 

<Oi!^^j:\'^mizm^^tiX\'^:S>, 
[ 0 0 3 4 ] y >yi^<0]I±{CRai UJt n - A 1 0. ,7 G a 

0. 93N^'5 7 HJ16 0 7(0Cm^m^t IX^MO 
VPEatCj:r)TXT^^'yT6 09. n-GaN3l£Xf 

>f Hiiei 0 m^o. 2s^'oy) . #«ji^f 

(MQW)vf§ttii6 1 1, p-GaN3t;y-f K®6 12 

m^O. IS^'ny) . p-Alo.o7.Gao.93N:5'7 
>y H16 1 3 (Jf$2 5^'ny) . p-GaNl6 14 

(ff$0. 0 5 5^'ay) imS^imth (011). 
P - A 1 0. 07 G ao. 93 5 7 HI 6 1 3ttXT^-v -y 
7-6.0 9<0^mfim"^tX\^?> . 

[00 3 51 -e-*^, .p-GaNJi614±lCp^6 
ISifmi. P«li6 1 5i:p-GaNl614, p 
-Alo:o7Gao.93Ni?-5 7KS6 1 35:^5 S-J'ny 

mum 7 i^mzmi-th . nai l;^: p - a i o. 07 g a 

o.93Ni''5 7 KJi6 1 3±W4S i 02^fif<^)te»JS6 
1 6 5-KSL, mg!^5g|g^^Jg|£-ri.. ^!S6 1 6 
<^JS^(4, 08cO%&i:ii|«fc:ECRX>'s-7^'J-ffl 
V%t:v^S. P«ffi6 1 5 tl6»l86 1 6 jifca5 5>.o 
y.(:OAu*»^,s6&ii3SSffi6 1 8*«5gjS$*lTV^&. 
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[ 0 0 3 61 ttc. n - A 1 G a N/n -G a N^WF 
3^^^ M6 0.6c7)-a5*{Sai1-^*-Cx>/^y^^. 

[00 37] Z<r>J:diZLXm6iZyrs^tii>^^W\y- 

[ 0 0 3 8 ] *Sf^^^t}V^t nlS6 1 7 fc P««i 6 1 
5c7)^{cmff$:EPJim.i:. MQWvSttiie 1 1(C^^ 
UT*JaA$*l, ?Stt«'Cf(l#&4t. 4 02ninO?fe 
S'CV-'f^^ieit. MQW«ttiB611liJS$3 
nin(7)Gao.8 I no.2N#FJii:5S6 nmtfJGaNv-^ 

[ 0 0 3 91 es^^fc*iV^Ts ^=5r< 1 7T7;Pfi& 

^Ufcn-A 1 0. o3Gao.97N)i6 0 5^p-A 1 o. 07 
G ao. 93 N 9 >y 6 1 3 j&^^frTS 2 0 0 T 
o r r t Jt«eWffi(r^E^)t:'fi!t:^i&ff-5TV>S. vltlti, 
«BBI t*C«|^|6l<0fi!t:SSK{CJt t Att^riPl ( G a NO 

<i 1 -2 0>m) m^m.miztitcib'c. ^ 

[00401 06<omo^t{i0 1 b miz. 

H5^x-yf-y^^{cJ:-5Tii3 5^ 
oyo y -y i-'^rJgfig^tl^ n - A 1 0. 05 G ao. 95 N 5 
■y H16 0 7cO±ta^^«tJ:-5T^S141185t (^Cl 

<n-m^<mw&.<r)m&^:^\.zmi^h iitm-^ i . 

[00411 mm±. h'iSOftk^fcftt:. lg-<0^^ 
7-yH11204. ?gtt«l 206, ISllO:?' 7 -y FJl 
120 8S:«)iti^:Si. igtt®1206<or<jg<*-C 
igZ<0^ 5 'y h'JB 1 2 0 8 fr <J ^y i^:xh^^ T^teSnl 
LTV^t. ClcOU-yi'l^cOjfe^Wi. ±{cK7^x>y 

[ 0 0 4 2 1 i-'i. e^- \immt:»>tz\i. V -y x<o 

^$ {-tKchib^ teX-yf-y^l-CfcSp-A 1 GaN 
y 1 2 0 SffMLm iiEmz^yVu~}V^ 
h^mifihh. x-yf-y^V—bA^AfiiWLm 

mmifi^bvxm^^hti. mmiz^mh-^tz, ^ 
t>\i^-fLh^m^imi^-simb i.x\^hhmMtc 



<. ^&mr^j:i;mm\imiix\>^h. 

1 0 0 4 3 1 2|s:5SMj0!l(iSit«^<OX -y 

oU-yx«^§ (H6(ct5V^T{ivStt®c7)Tco5ie;<f-^ H 
Ji6 1 0 ) $-mLTV.^|,/v:«). ^aittS^-CV^I, t 

[0 0441 ;t^t. *^0ij{c*}v^Tt, ^mim 
mb•rtt:»)^z^mmmbt:^izp-Alc,^^Ga. 
0. 93 N 9 -y h'S 6 1 3 ^ y >y i^'x f 7 'f rmzim L 

tv^S. itOU'/J^cOiSi^ttO. Siifnym 

&Xh*). vSIMtcoSSilil S^pyULh^O. 
>f xn'^yjs't J: 4x 7 f-y^^^^-^^'^f^SttJit^l^ 
ti^bmw pa<OGaN^feScOik^{i 

X^ti.m:HmziKi}^^Zbm\^^t:ib. 0. 55:7n 

[00451 HetCtJV^-C, U>y>'«<On-Alo.o7G 
ao. gsNi? ^ «y YM6 0 7<OTa5l;(iA 1 Sr#*-t?,« 

m¥xmom(o^m=&L. ^i^iz^<7)Tmzii. x*)m 

«f4s<0/h$^rxrdf >^ -yre 0 4 mitiib. 9 -y H 

tit J: I. jStt®c7)3KK tiii6«Sti7)jSiH)«4 1 (C< 
1 0 0 4 6 1 ^rfe, i<D^a)S<4xr^-V -y 7- 1 0 4<7)ii: 

^ -yre 0 40®$*iiJ'-^c< i: t 2 0 0 AgS*it«. 
n-GaN®6 0 2'^<03eo^*^(3i:^ir^:V>^: t*« 

[00471 tfz. n-Alo.o7Gao.93N:J'7 7Hl 
6 0 7 cOTSiSiOA 1 G a N®<7) A 1 iffijSli, 2 %j2Lh, 
S^U<f44%JaJit^l>it-C\ 5e<omSrfil*jT# 

[00481 W^^Xhh U -y i^'«G a N® 6 0 2±g|5 
{ii«»l X 1 09 c m-2 i:«ji«gfi*5^<^?^tri.*>\ X 
T^-r 'y r 6 0 4 cO±aJcoa:fi-(6]fi!tft L^SP^i-ttfefi^ 

jg&&«i X 1 oTctA-mTtxmrc^xv^h. 

Xii. C:<OXT^-v«yr6 04±Sl5co. KficO^^^rV^IS 

ttifcSttMJ^. -p* 0 y -y >^«<offig5aEA««^mf 

[0049] 2(silM09fcfcV^T. nm@{±n-Al Ga 
N/n-G aNjetS^ny:?:? h®6 0 e±izm&$tl 

14. :cT^^^7b n^>( mb<nm.A 1 t^-^^Tt 

«) . mxJA. n-A lo.osGao.gjNfiS^fflV^S 

HSiOfeH. 09i.tfn-Alo.iGao.9N/n 
- G a Ni@l8^iB<OifcJKSJ4 n - G a NJfOltJailfcJi 
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i^yymsmi x i o'Scm-sggrc^i. 
[oo5oi-r:3r*)^. im^mmi^y:!^^' y-Mizm 

[00511 ^43. ®Si^iH4. 1 m,2%a 

±s KlfA/ (4 n ) ]HTThiliimmi)i>. Cli 
C0052J 01. 05, 06tfeV^T. ii'^^<tta 

[00 5 31 01 fctiV^-C, P-Alo.o7Gao.93N^' 
9 >/ K« 1 0 9*t-^t-^a54 0 1 S"»ecU"CV^S 

0 , n - A 1 0. 05 G ao. 95 N® 6 0 7<^±g|5li^*>il-C 

{ 0 0 541 miC^mmmTim&mmmmmizE 

CRxn'/^im\'^X\^^.. S i N,<OJ©#. u 

[00 5 51 -^J^i^W^ttTS iN.S-fflV^T 
V^S*{, -e<^<^^^ft«iffi«IS. M;Hf S i S i 
ON, AI2O3, AINO, TiOj, Zr02, Nb^ 

Sit X')i(mm^\.z^h Zb-h^x:%h, 
[ 0 0 5 6 1 § <c>fc:, \A±<n'msm:\im)iz^y r -i 

rim\^t:^^z^\<^xmmLt:i^^. ^<r)m)mi. m 

1. »fsic. iiGomt:m^xii^mi(rmmik^. 

[00571 

■ mx-wmthiM fc , kg a n-m&^^mwizf^^ vtz 
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